We study a gauge mediated supersymmetry breaking version of the NMSSM in which the soft m 2 Hu and m 2 H d masses receive extra contributions due to the presence of direct couplings between the Higgs and the messenger sector. We are motivated by the wellknown result that minimal gauge mediation is phenomenologically incompatible with the NMSSM due to the small value of the induced effective µ term. The model considered in the present paper solves the aforementioned problem through a modified RG running of the singlet soft mass m 2 N . This effect, which is induced by the dominant m 2 H d term in the one-loop β-function of m 2 N , shifts the singlet soft mass towards large negative values at the electroweak scale. That is sufficient to ensure a large VEV for the scalar component of the singlet which in turn translates into a sizeable effective µ term. We also describe a mechanism for generating large soft trilinear terms at the messenger scale. This allows us to make the mass of the lightest Higgs boson compatible with the current LHC bound without relying on exceedingly heavy stops.
Introduction
Gauge mediation constitutes a very predictive framework which describes the transmission of SUSY breaking effects from the hidden to the observable sector [1] [2] [3] . Among other things it guarantees flavor universality of the soft sfermion masses at the messenger scale and therefore suppresses the potentially dangerous flavor-changing neutral currents [4] .
However, in its minimal form gauge mediation has nothing to say about the origin of the µ and B µ terms. The problem arises as follows: Recall that in MGM models SUSY breaking effects are transmitted from the hidden to the observable sector only through gauge interactions. In the absence of direct couplings between the messenger and the Higgs sector, Peccei-Quinn is an exact symmetry of the fundamental theory. The Higgs bilinear term µH u H d , on the other hand, breaks this symmetry explicitly [5, 6] . Therefore this operator cannot be present in the low-energy effective action which arises after integrating out the heavy messenger fields at one loop. In this sense the MGM scenario is not considered satisfactory unless one specifies the extra mechanism responsible for generating µ and B µ .
There are various proposals in the literature for generating a Higgs bilinear term of the correct order of magnitude. In the context of the so called Giudice-Masiero solution, which was initially formulated in models with gravity mediated supersymmetry breaking (see [7] ), a tree-level µ-term is forbidden from the original superpotential and is induced by the following higher-dimensional effective operators in the Kähler potential:
The parametrization in eq.(1) applies both to models with gauge and gravity mediated supersymmetry breaking. In the GMSB context X is a spurion superfield which couples to the hidden sector, M is the messenger scale and the prefactors c 1 and c 2 stand for the product of coupling constants and possible loop factors. The interactions in eq. (1) can be generated radiatively after introducing direct couplings between the Higgs and the messenger sector and integrating out the heavy messenger superfields at one loop. Substituting X by its F -term VEV, we obtain a µ = c 1 Λ term from the first operator in eq.
(1) and a B µ = c 2 Λ 2 term from the second operator (with Λ = F X /M being the effective scale of SUSY breaking). In theories with gravity mediated supersymmetry breaking one can assume that the prefactors c 1 and c 2 are of order one, c 1 ∼ c 2 ∼ O(1), which leads to the celebrated Guidice-Masiero solution B µ ∼ µ 2 . In the gauge mediated supersymmetry breaking setup, on the other hand, µ and B µ are generated at one loop and one anticipates that c 1 ∼ c 2 ∼ 1/16π 2 . Therefore the second power µ 2 is loop suppressed with respect to B µ , i.e. B µ ∼ 16π 2 µ 2 . This leads to the relation
which is incompatible with electroweak symmetry breaking due to the unacceptably large B µ . For this reason eq. (2) is usually referred to as the µ/B µ problem of gauge-mediated supersymmetry breaking [8] .
Alternative solutions, which avoid eq.(2) and ensure that B µ ∼ µ 2 , were formulated e.g. in the context of the so called dynamical relaxation mechanism [8] . More recently, the authors of [9] have pointed out that successful EWSB can be achieved even if the problematic relation B µ µ 2 is kept intact provided that one assumes a non-trivial hierarchy between the mass terms in the Higgs sector at the electroweak scale:
As was argued in [9] the pattern in eq.(3) can be obtained by considering models with gauge mediated supersymmetry breaking in which the two Higgs doublets couple directly to messenger superfields (or more generally to superfields in the SUSY breaking sector).
In the present paper we analyze eq.(3) in the context of the Next to Minimal Supersymmetric Standard Model (NMSSM) [29] . We are motivated by the well-known result that the NMSSM is incompatible with the minimal form of gauge mediated supersymmetry breaking [32] due to the small value of the generated µ term. We will argue that a phenomenologically viable model can be obtained by a slight deformation of the hierarchy between the soft mass terms in the Higgs sector. To be exact, we consider an NMSSM in which the m
term dominates all other soft masses, in particular we require that m
Hu . We describe an embedding of our scenario into a GMSB setup with direct Higgs-messenger mixing and refer to this model as lopsided NMSSM in accord with the terminology introduced in [10] . The crucial difference between our approach and the more conventional lopsided MSSM is the origin of the effective µ term. In the minimal setup considered in [10] µ arises solely from the tree-level Higgs-messenger couplings. In our setting there is a large extra contribution coming from the NMSSM operator λN H u H d . As a result the µ term in the lopsided NMSSM is far less constrained than its MSSM counterpart.
The paper is organized as follows: In section 2 we introduce the lopsided GMSB scenario following closely the approach in [9] . Using this line of reasoning we define a lopsided NMSSM which is the main object of study in the remainder of the paper. In section 3 we give a detailed description of the field content and superpotential couplings of our theory, including a full specification of the hidden and messenger sectors. In section 4 we show that the effective µ term is comprised of two pieces -one arising from the Higgs-messenger mixing and another associated with the NMSSM part of the superpotential. We describe in detail the mechanism which triggers a large vacuum expectation value for the NMSSM singlet and therefore generates the latter piece of the Higgsino mass parameter. In section 5 we calculate the low-energy spectrum for several points in parameter space. Crucially, we describe a new way for generating large soft trilinear terms at the messenger scale. As pointed out already in [31] this is chiefly important for raising the Higgs mass above the current LHC bound. We also find that, for large regions of parameter space, the negative tree-level contribution to m h 0 from the mixing with the singlet is unacceptably large and discuss a possible mechanism which can suppress this effect. In section 6 we briefly discuss the collider phenomenology of the model.
Defining the lopsided NMSSM
In order to set the stage for our subsequent discussion and fix the notation we briefly recall the basics of lopsided gauge mediation. Here we follow the approach in [9] , i.e. we introduce the lopsided MSSM as a possible solution to the µ/B µ problem. Let us analyze eq.(3) in more detail. To this end we shall look at the tree-level minimization conditions in the Higgs sector:
where N Higgs parametrizes the number of messenger fields coupled to the Higgs sector (i.e. N Higgs = n 5+5 + 3n 10+10 is the "messenger index" in the Higgs sector). Observe that Λ Higgs could but does not have to coincide with the SUSY breaking scale Λ from the MGM sector. The same statement applies to N Higgs . Imposing the hierarchy λ d λ u and introducing the parameter = N Higgs 16π 2 λ d λu leads to the correct low-energy pattern from eq.(3). In [10] the class of models specified by eqs.(3) and (9) was labeled lopsided gauge mediation.
In the present section we introduce the lopsided NMSSM as an effective theory, i.e. we do not care how supersymmetry is broken or transmitted to the observable sector. To begin the description of our model let us fix the superpotential in the Higgs sector:
Recall that the operator λN H u H d is invariant under a Peccei-Quinn symmetry which acts on the N, H u , H d superfields according to
This symmetry is broken at tree-level in a twofold manner -both by the cubic There is an additional subtlety -the κ 3 N 3 term is invariant under a residual Z 3 symmetry (the action of the Z 3 group rotates all three superfields N , H u and H d by the same phase e 2πi/3 ). In the standard Z 3 -invariant NMSSM this symmetry is responsible for the appearance of domain walls [19, 21, 29] . Note, however, that in the setup we are considering the discrete Z 3 is not an actual symmetry of the Lagrangian -it is broken at tree-level by the presence of a µ-term. Therefore the domain wall problem is not present in our version of the lopsided NMSSM scenario.
1
The soft supersymmetry breaking terms in the Higgs sector read
Imposing m
Hu at the electroweak scale completes the description of the effective Lagrangian. From a low-energy point of view the precise mechanism which produces the extra contributions to m Hu to ensure the non-trivial hierarchy between the soft mass terms in the Higgs sector is unimportant. The same statement applies to the origin of the µ and B µ terms in eqs. (11) and (13) . We can simply assume that they are present in the Lagrangian and then extract their values from the treelevel minimization conditions in the Higgs sector. In the next section we will construct a high-energy model which produces the lopsided NMSSM as its low-energy limit.
3 High-energy completion in the context of gauge mediation
In this section we will embed the lopsided NMSSM into a gauge-mediated scenario. Our guiding principle is very simple -the model we are considering should, upon integrating out the messenger superfields at one loop, produce the lopsided NMSSM as its lowenergy limit. The main building block of our construction is the following superpotential considered in [10] :
The messenger sector of the above superpotential (the second line in eq. (14)) exhibits a discrete Z 2 symmetry in the limit a TT = 0. The action of the Z 2 group is given by:
Note that this symmetry forbids a µ (and a corresponding B µ term) in the effective lowenergy action. This means that we can control the magnitude of µ and B µ by suitably adjusting the value of the a TT coupling. Following [10] we can diagonalize the T,T mass matrix with a suitably chosen rotation by an angle Θ. In the following we shall denote the eigenvalues of the mass matrix by p and ξ p where ξ is the proportionality factor. The contribution to the mass parameters in the Higgs sector coming from the superpotential (14) have been calculated in [10] . Explicitly they read
where we used the shorthand notation x = M T /M D and y = Λ T /Λ D . The coefficient functions P (x, y), Q(x, y), R(x, y) and S(x, y) appearing in eqs. (19)- (24) are listed in Appendix B. We can recover the Z 2 -symmetric limit by setting a TT = 0. The crucial feature of the model we are considering is that it allows us to switch off the contributions to the soft m With these prerequisites we are now ready to write down the full UV completion of the low-energy effective theory presented in section 2. Our idea is to simply take three copies of the second line in eq. (14):
The four additional SU (2) doublets F , E,F ,Ē have the same quantum numbers as D andD respectively. The other extra superfields P,P , S,S are total singlets with respect to the SM gauge group. It is implicitly understood that all three pairs D,D, F,F and E,Ē lie in 5⊕5 copies of SU (5). The extra spurions X F and X P acquire VEVs in their scalar and F -term components:
To complete the description of our model we fix
With this choice of parameters it is then clear that There is an additional subtlety related to the value of the B µ term in models with lopsided gauge mediation. As pointed out in [10] B µ transforms under U (1) R phase rotations while the other scalar mass terms in the Lagrangian do not. In particular we can use the U (1) R symmetry to forbid a B µ term altogether. To put it differently -the overall size of B µ must be a free parameter which should depend on the value of some appropriately chosen coupling in the high-energy model.
What we get after integrating out the messenger superfields from eq. (25) is an NMSSM model with non-minimal soft terms in the Higgs sector. We view this as an effective theory whose UV cutoff is the lowest decoupling scale among the M, M D , M T , M F , M P , M E and M S . For the rest of this paper we assume that this is M , i.e. the RG running always commences at this scale. After choosing the input, we run all parameters down to the EW scale using one-loop RGEs. The relevant threshold effect comes from the heavy states in the Higgs sector with mass m A . At this scale the heavy SU (2) Higgs doublet H d is integrated out. The bino, the Higgsinos and the left handed sleptons all live at the weak scale m Z . For the rest of the sparticle spectrum we assume a common decoupling mass scale m SU SY . After minimizing the scalar Higgs potential once, we iterate the procedure, each time adjusting the values of the input parameters in order to correctly reproduce the top mass as well as the mass of the Z-boson. To be exact we impose the following two constraints at the weak scale:
1. We need to have v = v It has been known for quite some time that the minimal GMSB extension of the NMSSM does not lead to phenomenologically viable spectra due to the small value of the induced µ term. As noted already in [32] this problem can be restated in terms of det M 2 CP−even , the determinant of the CP-even squared mass matrix in the Higgs sector. Specifically one can show that large values of the effective SUSY breaking scale, which are necessary in order to satisfy the current LHC bound on the gluino, can lead to a negative det M 2 CP−even < 0. The origin of this result can be understood analytically if one examines in more detail the following minimization condition in the Higgs sector:
Here s = N is the VEV of the scalar component of N . One can argue that in minimal gauge mediation all terms on the right hand side remain relatively small. This applies in particular to the m 2 N soft mass which is zero at the messenger scale and remains small all the way down to m EW due to its small β-function. As we will see this is the key ingredient that changes within the lopsided setting. For now let us see what the implications of the aforementioned observation are. We will argue that eq.(29) imposes an upper bound on the µ term in MGM models (it restricts this mass term to several GeV). For the sake of contradiction assume that µ eff, MGM = λs can be of the order O(100) GeV. In this case the left hand side of (29) will be unacceptably large unless one imposes λ κ. In order to see why this relation is problematic, let us use the following approximation for det M 2 CP−even which retains only the terms with the highest power of µ (see [32] 
Given that λ κ, it is clear that the first term dominates, leading to a negative det M 2 CP−even < 0. To make things worse, the small value of the κ coupling implies a nearly massless "Goldstone" mode in the low-energy spectrum (recall that in the MGM version of the NMSSM κ 3 N 3 is the only coupling which breaks Peccei-Quinn explicitly).
In the lopsided NMSSM the aforementioned problem is no longer present because one generically expects that the values of κ and λ will be of the same order of magnitude. Accordingly, contributions from the last three positive terms in eq.(30) become comparable to and can cancel out the negative contribution from the first term. In this case the determinant of the Higgs mass matrix becomes positive. Let us now try to understand the theoretical underpinning behind the statement that the λ and κ couplings are expected to be of the same order of magnitude. To this end we shall once again take a look at the minimization condition (29) . Previously we argued that all terms on the right hand side are very small compared to λs. This applies in particular to the singlet soft mass m 2 N which is practically zero at the messenger scale and remains very small all the way down to the EW scale due to the small β-function. In the lopsided NMSSM this picture changes due to the non-typical RG running of m 2 N , an effect which is similar to the one we encountered in the slepton and the squark sectors. To make this last statement more precise, lets take a look at the one-loop RGE for the singlet soft mass m 2 N :
Note that the dominant m
term generates a large negative m 2 N along the RG trajectory. In particular eq. (29) can be satisfied without invoking λ κ which solves the aforementioned determinant problem. Additionally, the large m 2 N triggers a VEV for the singlet N which translates into a sizeable contribution to the µ term. Last but not least, the moderately large value of κ implies that PQ is no longer an approximate symmetry of the Lagrangian. Hence the quasi-Goldstone mode in the Higgs sector is avoided in a completely natural manner.
5 Low-energy spectrum
Higgs sector
The crucial issue in this section is the mass of the lightest CP-even neutral Higgs boson. Our discussion is based on the approximate one-loop formula [29] 
where X t = A t − µ cot β is the stop mixing parameter and m SU SY ≡ √ m1 m2 stands for the SUSY scale. Here we use eq.(32) only for illustrative purposes, the actual calculation is done using NMSSMTools [13, 14] . Let us first analyze the radiative correction specified by the second line in (32) . To this end we plot the magnitude of this correction as a function of A t and m SU SY in Figure 1 . The symmetric ridges on the left and right hand sides denote the phenomenologically preferred region where the one-loop radiative correction is maximized.
Very recently the authors of [31] have performed a similar analysis focussing on the MSSM piece of eq. (32) . It was argued that in order to lift the Higgs mass up to 125 GeV one needs a large soft trilinear term A t > 1 TeV, unless of course one is prepared to tolerate superheavy stops (∼ 5 − 10 TeV) in the theory. This is in agreement with our plot which shows that the radiative correction is maximized for large values of the soft trilinear term. For the remainder of the paper we focus on those regions of parameter space with |A t | > 1 TeV and identify X t ≈ A t .
Next we discuss the NMSSM specific contributions to the tree-level m 2 h 0 . Since tan β 1 we infer that λ 2 v 2 sin 2 (2β) ≈ 0. The negative tree-level contribution due to the mixing with the singlet requires more detailed analysis. In the following we will look at several points in parameter space with |A t | > 1 TeV and we will evaluate its magnitude. In order to fix the notation we introduce the three rotation angles Θ T , Θ P , Θ S as well as the proportionality factors ξ T , ξ P , ξ S corresponding to the last three lines in eq. (25):
We refrain from specifying tan Θ T and tan Θ S since their values will not affect any of the mass terms in the Higgs sector. Next we fix the following mass scales:
The three models (or more precisely the three points in parameter space) we consider are specified by varying the residual input parameters ( Table 1) .
The values of all Yukawa couplings are given at the messenger scale M . In Table 2 we evaluate the mixing effect for the three points given in Table 1 . Clearly, the mixing effect is unacceptably large for every single one of the points in parameter space we have investigated. The problem can be traced back to the fact that κ < λ and tan β 1. From these we can deduce that
i.e. the negative tree-level contribution is significant. In the following we will discuss a mechanism which will allow us to largely suppress the
The argument is based on the three minimization conditions in the Higgs sector:
Assume that we start in a region of parameter space where λ > κ. This would be the case if, for example, we picked one of the points listed in Table 3 . In the following we will specify a procedure which will allow us to push our model into a region of parameter space where κ λ. In this case the two terms λ and κ sin(2β) will be comparable in size and will cancel each other out leading to a highly suppressed or altogether vanishing mixing effect.
The idea of our construction is very simple -we hold the effective µ eff = µ + λs term constant, while simultaneously increasing the tree-level µ piece (note that µ eff is comprised of two pieces, with λs being the dynamically generated one). This can be done for instance by increasing the ξ P parameter. Note that this procedure does not affect the m 2 Hu and m 2 H d soft masses meaning that the first minimization condition (39) remains identically satisfied at every step of our construction. The third minimization condition given by eq. (41) is somewhat more problematic. Note that by increasing µ we automatically decrease the λs contribution to µ eff . In particular the left hand side of eq.(41) becomes smaller in size while the right hand side remains more or less unaffected. This is easily deduced by observing that the main contribution to the r.h.s. comes from the m 2 N soft mass term whose value is insensitive to variations of µ or λs. Thus in order to preserve the validity of eq. (41) we need to increase the κ coupling. We can then iterate this procedure until we get κ λ.
The only open issue that remains is the validity of eq. (40) . Clearly the procedure we just described affects both the left and the right hand side of this equation and there is no a priori reason why this identity should remain valid after the model parameters have been modified. Here we make use of the fact that B µ transforms under U (1) R phase rotations while the other mass terms in the Lagrangian do not (see also [10] ). In particular we can use the U (1) R symmetry to forbid a B µ term altogether. To put it differently -the overall size of B µ must be a free parameter which should depend on the value of some appropriately chosen coupling in the high-energy model (cf. the discussion in section 3). Hence we can always assume that B µ is chosen in such a manner that eq. (40) is identically satisfied.
In Table 3 , we list several points in parameter space with κ λ or κ > λ. For all points in Table 3 we have chosen a large tan β = 15. The mass of the lightest Higgs boson as well as the value and composition of the effective µ eff term are given in Table 4 . Point 4 is an example of a model in which the effective µ eff term arises predominantly through the NMSSM mechanism. Conversely, for points 6 and 8 the treelevel contribution µ dominates. In fact the models represented by 6 and 8 can be viewed as the MSSM limit of the lopsided NMSSM since the effective mass term for the Higgsinos is almost entirely composed of the tree level µ term generated by the Higgs-messenger couplings. 
Slepton and squark sector
The slepton sector of the lopsided NMSSM exhibits some peculiar features which can be traced back to the large value of the soft m of their right handed counterparts. As we will see shortly, this effect often leads to an atypical hierarchy m
at the electroweak scale and can therefore reverse the ordering of the right and left handed slepton masses.
In Table 5 we list the low-energy spectrum for the same points in parameter space that we discussed at the end of section 3. The effect which reverses the ordering of the left-handed and right-handed sleptons is clearly visible both in models with low and intermediate scale gauge mediation.
In the following we will argue that the m 2 H d soft mass and the corresponding λ d coupling cannot attain arbitrarily large values. One constraint arises from the requirement that the slepton masses should remain positive. Since the slepton particles are not charged under the SU (3), their soft masses at the messenger scale are relatively small. Therefore the negative contribution arising from the 6 5 Yf g 2 1 S Fayet-Illiopoulus term can, at least in principle, make some of the slepton masses negative. Clearly, the tau sneutrinos are the lightest particles in the slepton sector. Imposing the condition 
one can deduce e.g. λ d 1.0 for the models with M = 10 5 GeV and λ d 1.1 for the models with M = 10 8 GeV. This is clearly incompatible with the values we have picked. As pointed out in [9] larger values for the λ d coupling can be obtained by assuming that the SUSY breaking sector is strongly coupled. 2 and the FI effect is not that prominent so as to reverse the ordering of the up and down squark masses. What it does, however, is to decrease the mass gap between right and left handed sparticles. The other effect is related to the large value of the A t soft trilinear term. Looking at the tree-level stop mass matrix
it is immediately clear that the off-diagonal terms are large, leading to a significant splitting between the two mass eigenstates mt 1 and mt 2 . For the sbottom mass eigenstates mb 1 and mb 2 the splitting is negligible. This is most easily seen by considering the respective mass matrix
and noting that m b A b m t A t . The full spectra are listed in Table 6 .
Charginos, neutralinos, gluino
The gauge singlet N adds one extra degree of freedom in the neutralino sector. To make this more precise let us introduce the fermionic component ψ N of the superfield N . Since N is a gauge singlet, the ψ N Weyl spinor is itself uncharged under the SM gauge group and we will refer to it as a singlino. The 5 × 5 neutralino mass matrix reads in the basis
The 4 × 4 mass matrix in the chargino sector is identical to its MSSM counterpart. Overall we get the spectra for the five points in parameter space shown in Table 7 .
The neutralino χ 0 1 which arises from the mixing with the singlet is the lightest particle in the chargino/neutralino sector. A quick glance at the values in Table 7 However, the lightest neutralino is not always NLSP. Depending on the input parameters the stau sneutrino may become lighter. An important effect, which determines Overall we deduce that models with a large effective µ eff term favour mν τ as the NLSP whereas in models with a small µ eff there is a tension between the mν τ and m χ 0 1 masses. Point 8 is an example of a model with stau sneutrino NLSP, whereas Point 6 has χ 0 1 as NLSP.
Collider phenomenology
In theories with gauge mediated supersymmetry breaking the lightest supersymmetric particle (LSP) is the gravitino. The lopsided NMSSM makes no exception to this rule. In the lopsided NMSSM the next to lightest supersymmetric particle (NLSP) can be either the lightest neutralino χ 0 1 or the stau sneutrinoν, depending on how large the effective µ term is. The crucial difference between the lopsided NMSSM and its MSSM counterpart is the fact that in the former case the effective µ term is not as strictly bounded from above.
After its production any supersymmetric state decays until the NLSP state is reached. The decay length of the NLSP is given by Hence, depending on the scale of supersymmetry breaking √ F , the NLSP can be shortor long-lived. For the models considered in this chapter the NLSP always decays in the detector. As far as the LHC is concerned the most relevant decay chains are those involving the gluino and the squarks. If the gluino is heavier than the squarks (mg > mq), which is always the case for the points in parameter space we have chosen, the two-body decay of the gluino into a squark and an antiquarkg →qq is kinematically possible. The squark then decays further into a quark and a chargino or neutralino. In the Tables 8  and 9 we have summarized the most relevant decay chains for gluinos and squarks for parameter point 4. As of spring 2012, the strongest experimental lower bounds on the masses of superpartners come from searches for events with jets and missing transverse momentum at the ATLAS detector [49] [50] [51] . This signature typically arises in cascade decays of squarks and gluinos from strong pair production pp −→gg,gq,qq .
Limits are given in terms of MSUGRA/CMSSM parameters and within a simplified squark-gluino-neutralino model. The latter does not include gluino decays to third generation squarks which results in an enhanced branching ratio to first and second generation quarks. Furthermore, the neutralino is assumed massless, giving maximal phase space. These two simplifications lead to an enhanced exclusion range compared to more generic models, with mq 1.8 TeV for mg ∼ 1 TeV and mq 1.3 TeV for mg 2 TeV [50]. However, these large exclusion bounds must be taken with a grain of salt if they are to be applied to any particular SUSY model. In the MSUGRA model for example, the exclusion limit for the average squark mass is reduced to mq > 1.3 TeV for mg ∼ 1 TeV. The limits might be reduced even further for the model studied in this work, where decays to jets and missing transverse momentum are not the dominant decay mode of the strongly pair-produced superpartners. The situation is illustrated in Tables 8 and  9 for parameter point 4. Less than 20% of squarks and gluinos decay to jets and an invisible NLSP, giving us less than 5% of theqq,qg,gg pairs decaying purely to jets and missing transverse momentum. This is due to the fact that in our NMSSM-like model, the heavy neutralinos and charginos which predominantly occur in squark and gluino decays, generically decay to leptons and sleptons. For the parameter point 4 this means that roughly 3/4 of decays are to jets, one or more leptons, and missing energy. Consequently, roughly 80% of pair produced superpartners yield a final state with jets, at least one lepton, and missing energy. There is a number of relevant LHC searches for this type of signature [42, 43, 45, 47, 52] . One can get a rough estimate of the expected exclusion power. In the case of MSUGRA/CMSSM, the search for jets, one isolated lepton and missing energy gives roughly the same bounds as the 0-lepton channel for gluino masses mg < 1.2 TeV, but considerably weaker constraints on mq for mg > 1.2 TeV (see for example Figure 10 in [52] ). However, we expect an enhancement of the exclusion from n-lepton final states in our model due to the suppression of 0-lepton decays. This requires a careful analysis of the various final states with leptons in the context of lopsided gauge mediation in the NMSSM, and is beyond the scope of this work. Furthermore, there are bounds on weak production of electroweak gauginos decaying to leptons [41] .
If one takes the hints [53, 54] towards a ∼ 125 GeV Higgs boson at the LHC at face value [55] , there is a mild tension between the γγ excess and parameter points 6 and 8 which feature a lightest pseudoscalar A 1 with 2m A 1 < m h 0 . In those cases, this decay mode dominates and B(h 0 → A 1 A 1 ) ≈ 30% . . . 40% with B(A 1 → bb) ≈ 90%, and thus all other branching fractions are reduced accordingly. At the same time, this marginally improves the situation for the W W and ZZ final state.
Conclusions
In the present paper we investigated a version of the Next to Minimal Supersymmetric Standard Model in which the soft masses in the Higgs sector obey the non-trivial hierarchy m
Hu at the weak scale. As argued in Chapter 5 this relation can be obtained by a suitable embedding of the low-energy model into a gauge-mediated scenario. Our investigation is prompted by a well-known result due to H. Murayama, A. de Gouvea and A. Friedland [32] which states that the Z 3 -invariant NMSSM is incompatible with the minimal version of gauge-mediated supersymmetry breaking.
We described three important effects which occur within the framework of our model. The first effect is related to the size of the VEV of the gauge singlet superfield N . Recall that in the MGM version of the NMSSM the small value of s = N is the very reason why the model fails to produce phenomenologically viable spectra. The lopsided extension of this scenario solves that problem by utilizing the non-standard running of the gauge singlet soft mass m The second effect is related to the mass m h 0 of the lightest CP-even Higgs boson. We showed that within the lopsided NMSSM one can easily generate large soft trilinear couplings at the messenger scale and therefore increase the one-loop radiative correction associated with top/stop loops, leading to a Higgs mass in the range of 125 GeV.
The third effect is the inverted mass hierarchy in the slepton sector. As we argued this effect can be traced back to the atypical RG running of the soft masses of the left-handed and right-handed sleptons. To be more precise, the m 2 H d term enhances the 6 5 Yf g at the electroweak scale. Something similar happens in the squark sector although the effect is much less prominent since the RG running of the colour charged sparticles is dominated by the gluino contribution.
As we showed in section 6.3 the UV completion of the lopsided NMSSM can look quite complicated. In particular we had to rely on three completely different sets of operators in order to induce the necessary extra contributions to the mass terms in the Higgs sector. It would be interesting to investigate whether a simpler realization of the lopsided NMSSM is possible.
where the boldface m's are mass matrices in family space and Yf denotes the hyper
